Most white matter related neurological disease exhibit a large number of White Matter Hyperintensities (WMHs) on FLAIR MRI images. However, these lesions are not well understood. At the same time, Diffusion MRI has been gaining popularity as a powerful method of characterizing White Matter (WM) integrity. This work aims to study the behavior of the diffusion signal within the WMH voxels. The goal is to develop hybrid MR metrics that leverage information from multiple MR acquisitions to solve clinical problems. In our case, we are trying to address the WMH penumbra (as defined by Maillard et al 2011
PURPOSE
White matter hyperintensity (WMH) burden as detect on FLAIR MR images has been associated with cognitive impairment.
1 However, the degenerative process that leads to such lesions is not well understood. In this study, we investigate the diffusion properties of white matter lesions using diffusion MRI at 3T. To this end, a segmentation and coregistration routine was developed to segment WMHs and coregister them to diffusion measurements. The objective of this work was to characterize the diffusion characteristics of WMHs to allow for more accurate staging of white matter disease as well as to differentiate between early-stage lesion formation and end-stage white matter scars.
METHODS
Diffusion tensor imaging (DTI) data was acquired on a 3T GE Signa HDx MRI using a multi-slice, twice refocused sequence with 128x128 single-shot EPI readout, 25 gradient directions with b=1000s/mm2, three b=0 images, TR/TE=8000ms/86.1ms with 2.03 x 2.03 x 2 mm3 voxels. 3D T1-weighted and FLAIR images from 5 cognitively normal aged subjects. Initial preprocessing involved several standard toolkits available in the public domain. FreeSurfer was used for intensity non-uniformity correction and the removal of non-brain tissues. SPM8 was used to coregister the DTI b=0 data to the T1-weighted and FLAIR images. A WMH candidate region mask was generated using an in-house written MATLAB code that was driven by DTI fractional anisotropy (FA) measurements. WMH segmentation was processed in the WMH candidate region using dynamic thresholding based on histogram analyses (see Fig. 2 : A, B, C). Diffusion measurements were taken in the WMH regions and compared to those measured in all white matter regions of the brain. 
RESULTS
For subjects with low WMH load, mean diffusivity (MD) values within the WMH regions were distributed differently in the histogram compared to MD values in all white matter (WM) regions. The histogram of WMH FA values for these subjects maintained a similar distribution to all WM regions. Histograms for subjects with high WMH load exhibited the opposite relationship (see Fig. 3 ). For the subject with a very high WMH load, the MD and FA histograms for WMH regions were similar (see Fig. 1 D) . Further work needs to be done to characterize the exact eigenvector / eigenvalue changes within the diffusion tensor that leads to MD changes before FA changes. Our initial results suggests that the amplitude of the diffusion may increase due to inflammation then decreases as the scar tissue develops. Changes in acquisition b-values to measure different diffusion distance ranges as well as fitting the tensor to multiple b-values maybe helpful in determining the pathway to white matter disease in vivo.
CONCLUSION
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